INTRODUCTION
============

Atraumatic restorative treatment (ART) is a dental approach based on the removal of carious tissue with hand instruments followed by placement of an adhesive restoration[@B02],[@B07],[@B24],[@B29]. It is recommended by the World Health Organization (WHO), mainly in communities with poor financial resources and for people who have physical disabilities or are fearful[@B02],[@B07],[@B24],[@B29]. As ART is usually applied to unprivileged people, poor oral hygiene is common, with consequent unbalance of the demineralization-remineralization cycles, is common.

Glass-ionomer cement (GIC) is usually the adhesive material of choice to treat high-caries risk patients, and it is feasible to assume that the GIC will be in direct contact with acid substances[@B09],[@B10],[@B30]. Variation in acid profile and concentration may relate to caries progression in hard dental tissues[@B12],[@B13]. When sugar is available in the oral environment, microorganisms produce organic acids such as lactate and acetate[@B23]. Another relevant factor involved in caries progression is related to the low pH generated from carbohydrate metabolism that selects cariogenic species[@B03],[@B23]. Hojo, et al. [@B12] (1994) observed that a low pH environment characterizes this condition with a lactate dominant acid profile in active lesions. Thus, the interaction between lactic acid and restorative materials should also be considered.

ART requires a material with improved mechanical properties. Since conventional GICs are not indicated for restoring stress-bearing contact areas[@B05],[@B14],[@B22],[@B25],[@B26],[@B30], some types of GICs have been specifically formulated for ART restorations. *In vitro* studies have compared the performance of conventional GICs to high density GICs[@B05],[@B14],[@B22],[@B25],[@B26],[@B30]. However, some properties of ART-GICs still need to be further investigated. Previous studies have stated the negative influence of acids on restorative materials[@B11],[@B19],[@B20],[@B23]. Resistance to biodegradation is a highly desirable property of dental materials to allow for satisfactory clinical performance.

The aim of this study was to evaluate interactions of ART-GICs with an aqueous lactic acid solution. The null hypotheses tested are that no significant changes occur in the pH of the solution or on the surface roughness and mass of the ART-GICs when the materials are exposed to an aqueous lactic acid storage solution over a 6-week period.

MATERIAL AND METHODS
====================

The materials under investigation with their compositions and manufacturers are presented in [Figure 1](#f01){ref-type="fig"}.

![Materials used in the study](1678-7757-jaos-17-04-0274-gf01){#f01}

Six specimens of each material (6 mm diameter x 3 mm in height) were prepared. Conventional (positive control) and ART-GICs were weighed according to powder-to-liquid mixing ratio indicated by the manufacturers. Materials were inserted into a previously lubricated cylindrical polytetrafluoroethylene molds with a Centrix syringe (Centrix, Shelton, CT, USA) between two polyester strips (TDV Dental, Pomerode, SC, Brazil) and pressed with glass slabs under a constant load of 500 g. After 30 min, the specimens were removed from the molds and excess was cut off with a \#12 Bard-Parker scalpel blade. Filtek Z250 specimens (negative control) were inserted into the molds in a single increment, which was light-cured for 20 s on both sides using a halogen lamp (Optilight Plus; Gnatus, Ribeirão Preto, SP, Brazil) with irradiance of400 mW/cm^2^, as measured with a curing radiometer (Model 100P/N-150503; Demetron Research Corp., Danbury, CT, USA).

Immediately after preparation, mass and surface roughness of the specimens were determined. The mass was assessed in an analytical balance (Bel Engineering SRL, Mark 205A, Monza, MI, Italy) accurate to 0.0001 g. Surface roughness was analyzed by a Hommel Tester T 1000 (Hommelwerke GmbH, Schwenningen, Germany) accurate to 0.01 mm and was expressed in mm as a *Ra* value. To record roughness measurements of the surfaces a device containing a diamond needle (Hommelwerke GmbH) was used. The average of three randomized readings was established as the baseline roughness value. *Ra* range was previously adjusted at 0.01 to 0.8 mm at a cut-off of 0.25 mm. Readings were obtained from 1.5 mm-long measurements.

A 0.02 M aqueous lactic acid solution was prepared 18 h before use to allow hydrolysis of lactone to occur, according to ISO standard 9917[@B15]. This reagent was always freshly prepared for each set of tests. The specimens were individually stored for 6 weeks in glass vials containing 2 mL of the solution, which was weekly renewed. A vial containing lactic acid aqueous solution at pH 2.7 ± 0.02 with no specimen was used to monitor the pH of the solution over the week. The vials were maintained at 23 ± 1°C without agitation. After 1 week, the pH of solution in each vial was measured with a pHmeter (Tecnal pH meter Tec-2, Piracicaba, SP, Brazil). Mass change of each specimen was also recorded and the specimens were transferred to individual vials with fresh solution. After the end of the 6-week period, new surface roughness readings were performed.

The assumptions of equality of variances and normal distribution of errors were checked for the tested response variables. Since the assumptions were satisfied, data were subjected to one-way ANOVA using matched repeated measures and Tukey\'s post-hoc tests for pH and mass analysis. Paired t-tests were used for roughness analysis. Tukey\'s post-hoc tests were applied to verify differences of final roughness among the materials (p\<0.05).

RESULTS
=======

The pH increasing ability was material- and time-dependent as was the interaction between these variables (p\<0.05). All materials increased the pH of the lactic acid storage solution at all evaluation periods (p\<0.01). The pH changes of the aqueous lactic acid solution recorded over a 6-week period of storage of the materials are presented in [Table 1](#t01){ref-type="table"}. Greater increase in lactic acid pH was observed in the first week for all materials followed by a clear decrease over time. However, for all materials, the final pH of the acid solution was always higher than the initial pH (p\<0.05). All GICs showed more increasing pH potential than the composite resin.

###### Means (standard deviations) of pH values of lactic acid solutions over 6 weeks storage

  Material         Initial          1 week            2 week           3 week            4 week            5 week            6 week
  ---------------- ---------------- ----------------- ---------------- ----------------- ----------------- ----------------- -----------------
  Filtek Z250      2.7^a^(0.00)     2.83^d^(0.05)     2.77^c^ (0.03)   2.73^ab^ (0.01)   2.78^c^ (0.01)    2.77^c^ (0.00)    2.75^bc^ (0.02)
  Ketac Fil Plus   2.7 ^a^ (0.00)   4.28 ^e^(0.05)    3.74^d^ (0.03)   3.61^d^ (0.02)    3.59^c^ (0.01)    3.53^b^ (0.02)    3.49^b^ (0.03)
  Ketac Molar      2.7 ^a^ (0.00)   3.83 ^e^ (0.05)   3.50^d^ (0.02)   3.47^cd^ (0.02)   3.48^cd^ (0.02)   3.44^bc^ (0.03)   3.41^b^ (0.01)
  Fuji IX          2.7 ^a^ (0.00)   4.08 ^e^ (0.07)   3.59^d^ (0.03)   3.56^cd^ (0.03)   3.55^cd^ (0.04)   3.50^bc^ (0.03)   3.45^b^ (0.02)
  Vitro Molar      2.7 ^a^ (0.00)   4.85 ^c^ (0.34)   4.22^c^ (0.16)   4.12^c^ (0.10)    4.06^c^ (0.06)    4.06^c^ (0.04)    4.04^b^ (0.05)
  Magic Glass      2.7 ^a^ (0.00)   4.82 ^e^(0.12)    4.78^e^ (0.13)   4.72^de^ (0.31)   4.56^cd^ (0.20)   4.44^c^ (0.22)    4.21^b^ (0.12)

Values are expressed as mean (standard deviation). Same letter indicates no statistically significant difference in rows.

Mass change data ([Table 2](#t02){ref-type="table"}) showed statistical significance for material and material *versus* time interaction (p\<0.05). Fuji IX showed mass gain in the first week, which was stabilized from the second week. Conversely, Magic Glass lost mass in the first week, stabilizing from the second week. Vitro Molar showed a discrete gain of mass in the first week and mass loss in the fourth week. Ketac Molar, Ketac Fil Plus and Filtek Z250 showed insignificant changes in the evaluated period. There were no statistically significant differences among Fuji IX, Magic Glass and Ketac Fil Plus.

###### Mass of the control materials and ART-GICs exposed to the aqueous lactic acid storage solution over a 6-week period

  Material         Initial                1 week                2 week                 3 week                4 week                5 week                  6 week                  p value
  ---------------- ---------------------- --------------------- ---------------------- --------------------- --------------------- ----------------------- ----------------------- ---------
  Filtek Z250      0.2086^a^ (0.0009)     0.2130 ^a^ (0.0124)   0.2132 ^a^ (0.0124)    0.2133 ^a^ (0.0124)   0.2134 ^a^ (0.0124)   0.2134 ^a^ (0.0123)     0.2134 ^a^ (0.0122)     p\>0.05
  Ketac Fil Plus   0.2422 ^a^ (0.0141)    0.2326 ^a^ (0.0187)   0.2322 ^a^ (0.0187)    0.2317 ^a^ (0.0187)   0.2311 ^a^ (0.0187)   0.2303 ^a^ (0.0189)     0.2298 ^a^ (0.0188)     p\>0.05
  Ketac Molar      0.2343 ^a^ (0.0118)    0.2398^a^ (0.0160)    0.2431^a^ (0.0147)     0.2433 ^a^ (0.0147)   0.2427 ^a^ (0.0144)   0.2427 ^a^ (0.0143)     0.2426 ^a^ (0.0142)     p\>0.05
  Fuji IX          0.1983 ^a^ (0.0141)    0.2341^b^ (0.0121)    0.2339 ^b^ (0.0121)    0.2337 ^b^ (0.0120)   0.2334 ^b^ (0.0121)   0.2327 ^b^ (0.0123)     0.2323 ^b^ (0.0122)     p\<0.05
  Vitro Molar      0.2117 ^ab^ (0.0185)   0.2155 ^c^ (0.0187)   0.2149 ^bc^ (0.0189)   0.2159 ^c^ (0.0187)   0.2112 ^a^ (0.0179)   0.2135 ^abc^ (0.0187)   0.2131 ^abc^ (0.0189)   p\>0.05
  Magic Glass      0.2328 ^a^ (0.0184)    0.2011 ^b^ (0.0131)   0.1993 ^b^ (0.0134)    0.1978 ^b^ (0.0134)   0.1960 ^b^ (0.0134)   0.1941 ^b^ (0.0137)     0.1924 ^b^ (0.0133)     p\<0.05

ART = atraumatic restorative treatment; GIC: glass-ionomer cement. Values are expressed as mean (standard deviation). Same letter indicates no statistically significant difference in the same row.

For surface roughness analysis ([Table 3](#t03){ref-type="table"}), all materials were rougher after 6 weeks (p\<0.05). No statistically significant difference (p\>0.05) was observed for interaction between material and time. Filtek Z250 and Ketac Molar presented the least alterations while Vitro Molar showed the greatest alterations on surface roughness. There were no statistically significance differences (p\>0.05) among Fuji IX, Magic Glass and Ketac Fil Plus.

###### Mean initial and final surface roughness (*Ra*) of the control materials and ART-GICs exposed to the aqueous lactic acid storage solution over a 6-week period

  Material         Initial roughness (μm)   Final roughness (μm)   Tukey\'s tests
  ---------------- ------------------------ ---------------------- ----------------
  Filtek Z250      0.25 ^a^ (0.12)          0.62 ^b^ (0.30)        A
  Ketac Fil Plus   0.54 ^a^ (0.13)          1.19 ^b^ (0.42)        B,C
  Ketac Molar      0.47 ^a^ (0.22)          0.83 ^b^ (0.38)        A,B
  Fuji IX          0.63 ^a^ (0.16)          0.95 ^b^ (0.28)        A,B,C
  Vitro Molar      0.82 ^a^ (0.29)          1.37 ^b^ (0.28)        C
  Magic Glass      0.46 ^a^ (0.15)          1.26 ^b^ (0.12)        B,C

ART = atraumatic restorative treatment; GIC: glass-ionomer cement. The values are expressed as mean (standard deviation). Same superscript letter indicates no statistically significant difference in the same row by paired t-test. Same uppercase letter indicates no statistically significant difference for final roughness among the materials.

DISCUSSION
==========

The anticariogenic capacity is a relevant property of GICs and it is thus expected that the interaction of these materials with an acidic environment will lead to pH increase[@B10],[@B17]-[@B19] Under the present experimental conditions, all tested GICs were able to increase the initial pH of the acid lactic solution, though a progressive decline of this ability occurred for all materials over time. These results are in accordance with those of Nicholson, et al.[@B19], who subjected polyacid-modified composite resins to similar experimental conditions and also verified their ability to neutralize acidic solution. The profile in the same period of evaluation also indicated a decline of this property over time. Nomoto and McCabe[@B21] verified that the initial pH of the tested solution (2.74) increased almost 1 unit in 7 days. Nicholson, et al.[@B17] investigated the rate of change of the pH of lactic acid exposed to some ART-GICs and their results corroborate the findings of the present study.

The pH increase of acid storage solution is attributed to the acid-basic setting reaction of dental cements with salt formation. A possible explanation is that lactic acid reacts directly with basic glass filler to form calcium and aluminum lactate salts. Lactic acid is a stronger organic acid and it reacts with these salts forming lactate dominant salts[@B20],[@B21].

Despite the benefits of increasing the pH of acid environments as an important mechanism of caries protection for GICs, these materials can be damaged in this interaction. Different methodologies, such as surface roughness[@B28], microhardness[@B04],[@B11], mass change[@B17],[@B20] and scanning electron microscopy[@B08], have been applied to investigate the influence of acidic conditions on different restorative materials. In the present study, mass and surface roughness analyses were performed. The results showed that the increase of the pH of the acidic solution led to minimal material loss, which could be related to an erosive process[@B01],[@B18],[@B20],[@B21]. Generally, mass change was not statistically significant, which does not mean that no phenomena occurred. It is more likely that the expected mass gain by water sorption was similar to the loss of material eroded from the surface[@B01]. Only Fuji IX revealed a significant initial mass gain, while Magic Glass lost mass at the same period. This difference can be attributed to differences in the materials\' formulations. Regardless of their performance, the degradation of these materials can involve loss of sodium, fluoride ions and silica or matrix biodegradation[@B18]. On the other hand, mass gain can also result from the formation of insoluble glass-lactate cement.

It is important to state that the low pH of acidic solutions optimizes surface damage to the specimens caused by water content, since previous studies showed that an aqueous environment has a significant effect on the surfaces of the materials[@B11]. Similar results have been reported by Turssi, et al. [@B28] No specific qualitative analysis of the surfaces was performed in the present study, but all GIC specimens presented a chalky surface at the end of the experimental period, which may be suggestive of an erosive process[@B18]. Other methodologies can be used to investigate the performance of dental restorative materials under erosive conditions, such as the method of dripping/spraying acid solution and measuring volume rather than mass[@B21].

In order to confirm the occurrence of any surface alteration, this study proposed a quantitative investigation using a roughness tester. An increase of surface roughness was evident for all tested materials. Nomoto and McCabe[@B21] also verified the capacity of acid to erode GIC surfaces. Turssi, et al.[@B28] investigated the role of the immersion solution on the roughness of resin-based restorative materials and concluded that micromorphological changes occurred in an acid-challenging situation. The concern about increased surface roughness is that rough surfaces can predispose restorations to staining, plaque and food accumulation, and gingival irritation[@B06],[@B16],[@B27].

The relationship among factors related to caries onset and progression is controversial because of several events are involved. However, it is known that a low pH is favorable to establish a condition that facilitates demineralization of hard dental tissue[@B11],[@B19],[@B23]. In the present study, an increased pH of acidic storage solution was observed over time after contact with the tested materials. This performance is an important predictive that GICs present a real potential to arrest caries. In the oral environment, however, the proportion between dental material and acidic fluid is different. Yet, although other factors should be associated to permit a correct interpretation, an enhanced performance of all materials is expected clinically.

CONCLUSION
==========

According to the proposed methodology and based on the obtained results, the null hypotheses tested in this study were partially rejected. All GICs increased the pH of the lactic acid solution, though this ability declined over time. All materials presented higher surface roughness at the end of the lactic acid challenge. Minimal mass change occurred throughout the experiment. These findings can be helpful to predict the performance of these materials under clinical conditions. A protective action against the carious process with significant surface damage due to erosion may be expected.

The authors thank Thelma Lopes da Silva and Veralúcia dos Santos for laboratory assistance. We also thank 3M/ESPE Dental Products, DFL and, Vigodent for material support.
